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Research Article

Histopathological observations in Neogobius bathybius (Actinopterygii: Gobiidae)
infected by Dichelyne minutus (Nematoda: Cucullanidae) in the Caspian Sea, Iran
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Abstract: Dichelyne minutus (Rudolphi, 1819) is a typical and widespread parasite of Gobiidae. In this research, histopathological
changes in the intestinal wall of Neogobius bathybius (Kessler) (Actinopterygii: Gobiidae) due to infection caused by D. minutus were
studied. The most heavily parasitized regions were excised for microscopic studies. Cross sections revealed different aspects of tissue
defensive reactions due to the free movement of nematodes among the gut contents. Mucosal erosion, increased number of goblet
cells, hyperplastic changes in the epithelial cells, and remarkable hyperplasia that formed nodule-like structures with hyperemia were
observed in the submucosa. Focal necrosis and a thickened muscle layer in the musculature were also noted. These changes may disrupt
normal mucosal integrity, cause local blockage of the alimentary canal, and disrupt the overall absorption efficiency of the intestine, and
thus the fish’s growth. Therefore, these alterations are significant enough to decrease the level of fitness of the fish by restricting its food
intake. Finally, these changes may result in a weaker immune system and fatality.
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1. Introduction
Changes at the cellular level and in the function of key
organs are the first indicators of maladjustment to stressors,
eventually leading to poor health or disease (Short and
Meyers, 2001). For instance, governed intestinal epithelial
turnover (i.e. entrocyte migration rate) and normal
mucosal integrity are essential in maintaining the overall
absorption efficiency of the intestine, and consequently
the fish’s growth (Yuen et al., 2007). Since tissues respond
to pathological stimuli, histopathology provides a rapid
method to detect the effects of irritants (Mumford et al.,
2007).
Endoparasitic helminthes often induce inflammation
and modify the structure and function of local tissues,
seriously disrupting structures of the gut wall (Castro,
1922). Further, these changes interrupt communication
between nervous and endocrine systems (Fairweather,
1997). These alterations enhance secretion and propulsive
motility of the vertebrate gut (Palmer and Greenwood-van
Meerveld, 2001), while decreasing absorption of nutrients
(Rodriguez et al., 2005).
N. bathybius (Kessler), which belongs to the Gobiidae,
is endemic to the Caspian Sea. Fish are an important
food for larger specimens of N. bathybius, but smaller
* Correspondence: pazooki2010@gmail.com

specimens prey on crustaceans and worms. Caspian seals
and commercially important sturgeons prey on gobies
(Masoumian and Aghlmandi, 2001). Parasitic infection
of gobies has been reported frequently all over the world
(Pazooki and Aghlmandi, 1998). Daghighroohi and Sattari
(2004) and Pazooki and Aghlmandi (1998) surveyed
parasites of this species by recording D. minutus and
Anisakid sp. (Coad, 2008) in the Caspian Sea.
D. minutus is a typical and common parasite of
malacophagous fishes such as flounders and gobies
(Moravec, 1994); it is an agent of flatfish disease caused by
adult nematodes and larvae (Moravec, 1998). The aim of
this paper is to describe the histopathological changes on
the intestinal wall of N. bathybius infected by D. minutus,
and to discuss the probable consequences on health and
survival of the host fish due to resulting malnutrition.
Some of these morphofunctional changes are shown
through microscopic studies.
2. Materials and methods
A total of 49 goby specimens were sampled from different
sites near the southern coast of the Caspian Sea during
March 2010. The samples were collected by dragging a
20 m × 1.5 m seine net with 5 mm mesh size.
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At necropsy, the samples were weighed and measured
for total length, and their sex was determined (weight:
121–389 g; total length: 19–30 cm). Digestive tracts
were removed, opened longitudinally, and examined
for nematodes, which were recorded by number and
location. Identification was aided by a key (Moravec,
1994). For histological studies, pieces of gut tissue up
to 10 × 15 mm were excised from the infected fish. The
samples were then transferred to 70% ethanol, dehydrated
through a graded series of ethanol, cleared in xylene, and
prepared for paraffin embedding. Sections with 5 µm
thickness were then stained with hematoxylin and eosin.
Photomicrographs and measurements were taken with
a Nikon microscopic camera and AxoVision LE Rel.4.5,
respectively.
3. Results
Among the 49 gobies studied, 45 were infected with the
nematode D. minutus (Rudolphi, 1819) (Ascarididae,
Seuratiodea). The expanded anterior end of the D. minutus
esophagus forms a large pseudobuccal capsule (Figure 1a).
Such capsules cause firm attachment of the nematode to the
intestinal wall by muscular esophagus (Figure 1b) suction.
The intestine has an anterior ventral cecum (Figure 1c),
reaching sometimes up to the nerve ring (Figure 1d). The
mouth is surrounded by a narrow cuticular flange armed
at its inner base with a row of numerous (about 70–80)
small denticles (Figure 2). The nematodes were observed
moving freely in the lumen of the gut. The intensity of
infection ranged from 1 to 194 worms per host.
Tissue samples were mostly taken from the distal end of the
intestine, where the parasites were usually located. Affected
fish showed varying levels of tissue damage in comparison
with the nonparasitized fish (Figures 3a, 3b, 3c, and 3d).
Observed tissue damage included mucosal destruction,
modified structures of villi, and hyperplastic changes in the

epithelium cells in mucosa (Figure 4a). Hyperemia with
congested blood vessels in the submucosa was also noticed,
especially in veins (Figure 4b). Nodule-like structures due to
intense hyperplasia of the submucosa (Figures 4c and 4d),
located between mucosal folds, were observed to result in
a modified arrangement of villi, reduction in their normal
size, and deeper folds. Layers of enlarged submucosal
tissues surrounding the villi occasionally isolated them
from the luminal spaces and their contents. The most
intense histopathological changes occurred in this layer.
Focal necrosis and thickened muscle layers were noted in
the musculature (Figure 4e). The number and distribution
of goblet cells were also changed (Figure 4f). No scarring or
other damage was detected at the serosa.
4. Discussion
The Gobiidae may be definitive, intermediate, or paratenic
hosts of parasites with mature stages infecting a variety of
vertebrates, including humans (Kvach, 2005). Since gobiid
fish have no economic importance in the inshore area of
the Caspian Sea (Abdoli and Naderi, 2009), they have not
been caught or exploited; thus, they have an important
role in the trophic chain, considering their large and intact
population (Miller, 2003). Their parasitic infection has
also been frequently reported all over the world. Therefore,
Gobiidae are presumed to be substantial vectors (Pazooki
and Aghlmandi, 1998; Masoumian and Aghlmandi, 2006).
Larger and older fish are more likely to be parasitized since
they have been exposed to the parasites longer (Krist and
Lively, 1998).
Parasites can cause local pathology to the host tissue
by their modes of feeding, attachment, movement, growth,
or development (Holmes and Zohar, 1990; Williams and
Jones, 1994). The host’s reaction may be in the form of
tissue proliferation, degeneration, inflammation, and
probably in the development of immunity (Williams and

a
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c
100 µm
Figure 1. Anterior part of Dichelyne minutus: a) large
pseudobuccal capsule; b) posterior end of esophagus; c) anterior
ventral cecum; d) nerve ring.
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20 µm
Figure 2. Mouth surrounded by narrow cuticular flange that
forms spinose pseudobuccal capsule.
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Figure 3. Cross-sections of nonparasitized fish intestinal epithelium: a) normal
arrangement of villi and structure of intestinal epithelium; b) normal feature of
mucosa (m) and goblet cells (arrows) and c) normal blood vessels, muscular-arteries
(arrowheads), and veins (arrows); d) normal distribution and number of goblet cells
(arrows).

Jones, 1994). D. minutus is a common parasite species from
the gobies (Kvach, 2005). According to Moravec (1994),
adult nematodes freely move among the contents of the
intestine on which they feed, or, if no food is available, they
firmly attach to the intestinal wall by sucking the muscular
esophagus and spinose pseudobuccal capsule to feed on
the intestinal tissues.
According to the results, our tissue samples mostly
were taken from the posterior intestine where the parasites
usually were located. Actually inspecting the most infected
area was the main concern in this study. Further studies
may indicate similar serious damage in the interior and
middle intestine, which were not involved here.

In the present study, the intestinal cross-sections
revealed different aspects of tissue defensive reactions
which were not detectable macroscopically, even in
severely damaged parts. For instance, the observed focal
necrosis in musculature may be due to the chitinous tooth
of D. minutus used during penetration into and migration
through the intestinal wall (Køie, 2001). De Buron and
Nickol (1994) reported significant thickening of the
circular and longitudinal muscle layers in the musculature
mucosa, as well as greater and more abundant goblet cells
of parasitized caeca, in green sunfish. In this study these
changes were only partially observed in muscular layers
and distribution of goblet cells. Although there was an
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b

100 µm

Figure 4. Cross-section of parasitized fish intestinal epithelium: a) hyperplastic epithelium cells (arrowheads); b) congested blood
vessels, veins (arrows); c and d) nodule-like structures via intense hyperplastic submucosal tissue, resulted in deeper folds and e)
focal necrosis (star) and thickened muscular layer (2-headed arrow); f) increased number of goblet cells (arrows). M = mucous, s =
submucosa, and mus = musculature.

increased number of goblet cells in infected samples, there
were no significant changes in their size.
Parasites may also restrict the food intake of the host
if they physically restrict the capacity of the stomach or
prevent normal gut evacuation by blocking the alimentary
canal (Barber, 2006). In our study, extensive hyperplasia
of the submucosa caused nodule-like structures to form,
along with lifting up the connective tissue of this layer.
These nodules were located between the intestinal villi,
resulting in deeper folds in adjacent areas and probably
reduced mucosal interface with the gut contents. In
addition, enlarged submucosal tissues occasionally
surrounding the villi may to some extent isolate them from
the luminal space and its contents. Moreover, mucosal
destruction and hyperplastic changes of the epithelium
cells as well as histopathological changes of the submucosa
and musculature layer may modify the normal functional
appearance of the intestine.
The destruction of the intestinal villi and the necrotic
and degenerative changes in the mucosal epithelium
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may adversely affect the absorptive efficiency of the fish’s
intestine (George and Nadakal, 1981). Hence, these
histopathological changes may serve as early warning
signs of occlusion or blockage of the alimentary canal,
restricting food intake. According to Gatlin (2002),
nutrient deficiency can directly affect immune function
and parasite resistance, as parasitized animals are more
prone to other infections (Sitja-Bobadilla, 2008). Although
these morphofunctional changes might collectively
be regarded as a combined defensive mechanism and
healing process, the histological alterations induced by
the intestinal parasites seem serious enough to interfere
with the intestinal physiology of the fish. In this work, the
parasitic infections observed in the gobies did not seem
to be a major cause of mortality. However, such infections
might promote degenerative and irreversible changes that
may finally lead to a decrease in fitness and other potential
adverse effects on the fish’s survival. Overall, the intensity
of adverse effects and the probable consequences remain
to be further studied.
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